The concentration of protein in the cerebrospinal fluid (CSF) is about 0.5 per cent that of plasma. This difference in concentration is generally considered (1) to be dependent upon the blood-CSF barrier. The normal concentration gradient of protein from a low level in the ventricles, 6 to 15 mg. per cent, to an intermediate level in the cisterna magna, 15 to 25 mg. per cent, to the highest level in the lumbar sac, 20 to 45 mg. per cent (2), has not been satisfactorily explained. To study the nature of this gradient, two groups of experiments were performed, determining: 1) the exchange of radioiodinated serum albumin (RISA@) between the plasma and the various levels in the CSF, and 2) the relative concentration of the albumin, globulin and "prealbumin" constituents at these levels, employing zone electrophoretic analysis.
The concentration of protein in the cerebrospinal fluid (CSF) is about 0.5 per cent that of plasma. This difference in concentration is generally considered (1) to be dependent upon the blood-CSF barrier. The normal concentration gradient of protein from a low level in the ventricles, 6 to 15 mg. per cent, to an intermediate level in the cisterna magna, 15 to 25 mg. per cent, to the highest level in the lumbar sac, 20 to 45 mg. per cent (2), has not been satisfactorily explained. To study the nature of this gradient, two groups of experiments were performed, determining: 1) the exchange of radioiodinated serum albumin (RISA@) between the plasma and the various levels in the CSF, and 2) the relative concentration of the albumin, globulin and "prealbumin" constituents at these levels, employing zone electrophoretic analysis.
In previous investigations in the dog (3) , it has been shown that the plasma albumin exchanges rapidly with the protein in the CSF. Following intravenous injection, RISA® appeared in the cisternal fluid within 20 minutes, reached a maximum at about 20 hours, and subsequently disappeared at a slower rate than in the plasma. In the present study, RISA® was administered intravenously to infants with communicating hydrocephalus to determine if differences in the rates of RISA® appearance exist at different sites along the neuraxis. The demonstration of such rate differences could then be interpreted to indicate nonuniformity of the blood-CSF barrier to protein at these different levels. Similarly, the concentration of albumin in CSF would be expected to be 1 This work was aided in part by a grant from the National Multiple Sclerosis Society.
2This paper was presented in part at the Annual Meeting of the American Neurological Association, June, 1955, Chicago, Ill. greatest in the region of maximal permeability of the barrier.
METHODS
For the isotopic studies, 12 infants, ranging in age from one to nine months, were studied. In all cases the diagnosis of communicating hydrocephalus was established by ventriculography and dye test or pneumoencephalography. Lugol's solution was administered 24 hours before the study and continued 10 days in order to block thyroidal uptake of the isotopic iodine. Three hundred to 500 microcuries of radioiodinated serum albumin 3 was administered intravenously, four to nine hours prior to combined ventricular, cisternal and lumbar puncture. Eight milliliters of CSF was removed from each of these sites, within a five minute interval. In each case the ventricular fluid was obtained first and the lumbar fluid last. Samples containing more than 100 red blood cells or 10 white blood cells per cubic milliliter were considered contaminated with blood proteins and were discarded. The CSF samples were dialyzed against 0.85 per cent NaCl for 24 hours to remove unbound radioiodine. Radioactivity was measured in duplicate samples with a well-type scintillation counter. The total protein of each sample was determined turbidimetrically using 5 per cent sulfosalicylic acid (4) .
Specific activity was determined as counts per minute per milligram of total protein, rather than per milligram of albumin, because limitation of sample size precluded separation of the albumin and globulin fractions.
For the electrophoretic analysis of ventricular and lumbar fluids, two groups of patients were studied: infants with communicating hydrocephalus, and children and adults with brain tumors in whom blood-free CSF samples could be obtained. The ages and diagnoses are noted in Table II with bromphenol blue dye, and the relative concentrations _ of globulin, albumin and the prealbumin X fractions were 6 Spinco, Model R, filter paper electrophoresis system, determined by photometric densitometry of the stained Beckmnan Instruments, Spinco Division, Palo Alto, Calif. The specific activity in all five cases was greatest in the lumbar fluid. In the three cases in which cisternal taps were done, the specific activity in the cisternal fluid was intermediate between that of the ventricular and lumbar fluids. In Case 2, despite significant levels of activity in the lumbar fluid, no activity could be detected in the ventricular fluid. In all instances, the specific activity in the ventricular fluid was lower than that measured in fluid obtained from the cistern or lumbar regions.
The total protein values and the relative concentrations of the three major fractions are presented in Table II . Figure 1 shows representative electrophoretic patterns of the ventricular and lumbar fluids obtained in Case 7.
The concentration of the prealbumin X fraction in the ventricular CSF exceeded that in the lumbar fluid in all cases except Case 1, in which the concentrations were equal. The average concentration of fraction X was 7.2 per cent of the total protein in ventricular fluid and 2.0 per cent in lumbar fluid. The The lumbar fluid in all cases contained relatively more albumin than globulin; the ventricular fluids showed just the reverse composition. The average concentration of albumin in lumbar fluid was 62 per cent; of globulin, 36 per cent. The average concentration of albumin in ventricular fluid was 38 per cent; of globulin, 54 per cent. The quantity of albumin was variable but in each case the lumbar content exceeded the ventricular content. The quantity of globulin in lumbar CSF was also increased in eight of the nine cases (exception, Case 2), but the albumin increment was much greater as noted by the A/G ratio which was always greater in the lumbar CSF. The average A/G ratio in ventricular fluid was 0.77; in lumbar fluid, 2.23. In two cases with brain tumor, Cases 8 and 9, and a marked increase in the lumbar total protein, there was marked elevation of the lumbar A/G ratio.
DISCUSSION
The existence of the blood-CSF barrier to protein is clearly evidenced by the marked difference in protein concentration in these fluid compartments. The albumin and globulin of CSF are considered to originate from the plasma except in some disease states, notably neurosyphilis and multiple sclerosis, where the abnormally elevated CSF gamma globulin may be formed within the central nervous system (5) . The abnormal plasma globulin, characteristic of multiple myeloma, has also been found in the CSF (5, 6) . The gradient in protein concentration from the ventricle to the lumbar sac, in normal and many pathological states, has been well described (2) . In a patient with a complete block in the spinal subarachnoid space, Sweet and co-workers (7) blood-CSF barrier at multiple sites along the neuraxis, in agreement with the findings of Sweet and co-workers (7). The choroid plexus does not appear to be essential for the entry of albumin into the CSF. These data supplement the previously reported exchange of sodium (7), chloride (7), potassium (7), glucose (8) , urea (9) and water (10) at multiple sites along the neuraxis. It must be recognized, however, as Davson (1) and Bering (10) have emphasized, that the exchange of substances between the plasma and CSF must be distinguished from net changes in volume.
The amount of protein in CSF and the rates of exchange of protein between the blood and the several levels of the CSF are probably dependent upon several independently operating permeability factors. Likewise, the barrier at each of these levels must be considered to be composed of a number of structures, including the capillary endothelium, pia-glial membrane, ependyma, choroid plexus and the arachnoid membranes, each of which may possess different permeability characteristics. The protein concentration gradient from the ventricle to the lumbar sac, in normal and many pathological states, is also dependent upon several different factors including the nature of the barrier at the various levels, mixing within the ventricles and subarachnoid space, and the removal mechanisms that may be operative in the subarachnoid space and at the arachnoid villi. It is difficult to determine the role of each of these factors in the maintenance of the concentration gradient. However, in the present studies, the specific activity was greatest in the lumbar fluid of each patient, the site of greatest protein concentration. We conclude that the concentration gradient of protein must be in part dependent upon the relatively increased permeability of the blood-CSF barrier to albumin in the region of the spinal subarachnoid space. The electrophoretic data support this conclusion in that the albumin content and the A/G ratio were greater in the lumbar CSF than in the ventricular fluid. If a delay in protein removal in the lumbar region was responsible for the higher protein concentration, the globulin concentration would be expected to be greater and the A/G ratio relatively reduced in this region.
In evaluating the appearance of RISA® in the CSF as an indication of differences in permeability along the neuraxis, the surface-volume relationships at the three levels must be considered. In adults the ratio of surface to volume is considered to be greatest in the cisternal region accounting for the more rapid exchange of D20 in this region than in the ventricular or lumbar region (10) . There are no data which quantitatively establish the dimensions of the surface-volume ratios at various levels in the CSF pathways in either normal or pathological states. However, the anatomical relationships of the cisterna magna are such that the surface-volume ratio in this area may be assumed to greatly exceed that ratio in the ventricles or lumbar region. In hydrocephalus, the enlarged ventricular system would tend greatlyr to depress the rate of entry into the ventricles, but: the anatomical relationships in the cisternal and lumbar regions would be relatively unchanged and' expected to be such that the surface-volume ratio would remain greater in the cisterna magna than in the spinal subarachnoid space. Thus if permeability to albumin were the same in all regions the specific activity would be greatest in the cisterna magna. The demonstration of the consistently greatest specific activity in the spinal region, the site of greatest protein concentration, strongly sug--gests that the relatively increased protein concen--tration in lumbar fluid is in part dependent upon the relatively increased permeability characteristics of the membranes comprising the "barrier" in that region. The nature of these experiments has precluded the study of a normal population. However, the radioisotopic and electrophoretic data suggest this generalization: The occurrence of an increasing concentration gradient of protein along the neuraxis, in the absence of an obstruction in the CSF pathways, is in part dependent upon increased permeability of the membranes adjacent to the site of increased protein concentration.
In the isotope studies the specific activity of each sample was calculated as counts per milligram of total protein rather than as counts per milligram of albumin. Because of the limitation of sample size, albumin globulin fractionation could not be performed. It is notable, however, that recalculation of the specific activity data using several different assumed albumin concentrations, does not modify the conclusion that the tracer most rapidly enters the lumbar CSF. Forexample, assuming the albumin concentration to. be at least twice as great in the lumbar fluid as in the ventricular fluid does not alter this interpretation.
Those patients with brain tumor and an abnormally elevated lumbar protein had a very marked increase in albumin in the lumbar CSF. There is an increase in the permeability to albumin in the region of brain tumors ( 11 ) and this results in an elevated protein throughout the subarachnoid space.
The increasing concentration gradient of protein in the CSF along the neuraxis has, in the past, been attributed to the differential absorption of water in the lumbar subarachnoid space (12) . The demonstration by Bering (10) of the very rapid exchange of water between plasma and CSF negates this possibility. The half-times for the exchange of D2O in seven normal infants and adults were 1.5 to 6 minutes in cisternal fluid, 2 to 37 minutes in the ventricles, and 7 to 38 minutes in the lumbar region.
So-called "stagnation" (2) in the lumbar region has also been set forth as a possible explanation for the relatively increased protein content. The use of a closed system of recording CSF pressure with a strain-gage manometer has revealed the normal arterial pulse pressure in the lumbar CSF to equal 29 mm. saline (13) ; the ordinary spinal water manometer obscures this finding. A pulse pressure of this magnitude in the lumbar region makes the concept of "stagnation" or poor mixing most unlikely in the absence of a spinal subarachnoid block. The effect of gravity in maintaining the protein concentration gradient has also been suggested as a possible mechanism. The presence of the concentration gradient in infants that are supine is strongly against such a possibility.
Kabat, Moore and Landow (5), in their electrophoretic studies of the CSF proteins, were the first to describe a component with an electrophoretic mobility greater than that of albumin. Subsequent studies by a variety of investigators (14) (15) (16) (17) (18) , employing several different techniques of concentration of CSF, have confirmed the presence of this fraction. These investigators have variously designated this fraction as fraction X (5, 15, 16) , vorfraktion (17) , and prealbumin (18) . It has been generally considered that this prealbumin fraction is absent from the plasma (14, 15, 19) although Pieper (20) has described the appearance of a comparable constituent in plasma following excessive dilution. Employing immunoelectrophoretic analytical techniques, Gavrilesco, Courcon, Hillion, Uriel, Lewin and Graber (21) and Schultze, Schdnenberger and Schwick (22) have also noted the presence of a fast migrating fraction in serum. These workers consider this serum fraction to be identical with the prealbumin fraction of CSF. Uzman and Bering (16) and Schultze and co-workers (22) have attempted to characterize this fraction in CSF chemically and physically. The results of these two studies differ on several points including the amino acid composition, ultracentrifugal sedimentation constants and electrophoretic mobility values. Since these two groups of investigators have employed different isolation techniques, part of the disagreement in their results may be ascribed to these methodological differences.
In the present study, it has been found that the concentration of the prealbumin fraction in the ventricular CSF significantly exceeded the concentration of this component in the lumbar CSF. It should be stressed that this concentration differential is in the opposite direction to the concentration distribution of albumin. Steger (23) and Bauer (24) have noted a similar concentration distribution of this fraction. There are no known correlations between X fraction content in CSF and pathological processes in the nervous system (25) .
At present, the site of origin of fraction X in CSF remains obscure. A recent study by Robertson (26) of the soluble proteins of brain, employing an electrophoretic analytical technique, has noted a fraction with a mobility more rapid than that of albumin in brain tissue. Obviously, it is impossible to equate this soluble brain protein with the prealbumin fraction of CSF without more specific physicochemical characterization. The finding of the greater concentration of this fraction in ventricular CSF, however, does suggest the possibility that this fraction may be derived from brain tissue. 2. Samples of ventricular and lumbar cerebrospinal fluid were obtained from infants with communicating hydrocephalus and from children and adults with brain tumors. The relative concentrations of the albumin, globulin and prealbumin (X fraction) constituents in these fluids were determined by zone electrophoretic analysis. The lumbar fluid in all cases contained relatively more albumin than globulin as compared with the ventricular fluid. The ventricular fluid contained more prealbumin (X fraction) than the lumbar fluid.
3. These data suggest that the increasing concentration of protein from the ventricle to the lumbar region is a manifestation of greater permeability of the blood-cerebrospinal fluid'barrier to proteins in the lumbar region.
